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© Apparatus for sorting opaque foreign article from among transparent bodies. 



© Apparatus is provided to sort an opaque foreign 
article during dropping, precisely with a high degree 
of accuracy. Objects (10)including transparent bod- 
ies 10a in which opaque foreign articles (10b) may 
mix are scanned, during dropping from a conveyor 
(4), horizontally linearly with a laser beam, and re- 
flected light is detected by a CCD image sensor 
(12). Whether an object (10) scanned is a transpar- 



ent body (10a) or an opaque foreign article (10b) is 
judged at each CCD block including N CCDs, and 
when an opaque foreign article (10b) is judged at a 
CCD block, air is jetted from a corresponding nozzle 
block (20) and adjacent nozzle blocks (20) to blow 
off the object (10). 

The operations are controlled by a computer (9). 
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This invention relates to an apparatus for sor- 
ting an opaque foreign article from among transpar- 
ent bodies, and more particularly to an apparatus 
for sorting an opaque foreign article such as a 
pebble or a ceramic piece from among a large 
number of transparent bodies such as glass pieces 
of recovered cullets. 

An apparatus of the type mentioned has been 
proposed by the inventor of the present invention 
and is disclosed in European Patent Application 
Publication No. 0 413 522 A2. In this apparatus, 
objects including transparent bodies in which opaq- 
ue foreign articles may be mixed are transported 
on a conveyor and then allowed to drop individually 
from the conveyor, and then while they are drop- 
ping, they are scanned horizontally along a straight 
line with a linearly polarized laser beam and re- 
flected light is detected by means of a CCD 
(charge coupled device) image sensor by way of a 
polarizing filter. Whether the object scanned is a 
transparent body or an opaque foreign article is 
judged from outputs of the CCDs of the image 
sensor. 

In particular, when the object scanned is a 
transparent body, most of a laser beam passes 
through the object while only a small part of the 
laser beam is reflected by the object, and since 
such reflected light remains as linearly polarized 
light, it is intercepted by the polarizing filter. On the 
other hand, when the object scanned is an opaque 
foreign article, a laser beam is irregularly reflected 
by the object so as to be changed into circularly 
polarized light and most of it passes through the 
polarizing filter so that it is introduced into the 
image sensor. Accordingly, when the object 
scanned is a transparent body, a CCD of the image 
sensor will provide a comparatively low output lev- 
el, but when the object scanned is an opaque 
foreign article, such CCD will provide a compara- 
tively high output level. Therefore, a transparent 
body and an opaque foreign article can be iden- 
tified from each other in accordance with a dif- 
ference between output levels of a CCD. Then, if 
the object has been judged to be an opaque for- 
eign article, air will be jetted at the object during its 
dropping from the conveyor, so as to blow it off 
and separate it from the other transparent bodies. 

It is an object of the present invention to pro- 
vide an opaque foreign article sorting apparatus by 
which separation of an opaque foreign article dur- 
ing dropping from a transporting mechanism can 
be performed precisely with a high degree of accu- 
racy. 

In order to attain the object, according to the 
present invention there is provided an apparatus for 
sorting an opaque foreign article from amongst a 
plurality of transparent bodies, which comprises 
moving means for moving the objects individually 



past a scanning line, means for scanning the object 
on the scanning line with a beam of light, optical 
sensing means including a plurality of solid state 
image pickup elements for detecting the light re- 
5 fleeted from the object on the scanning line, a 
plurality of nozzle elements arranged in a row 
parallel to the scanning line such that each of the 
nozzle elements corresponds to a set of N solid 
state image pickup elements of the optical sensing 

70 means, N being a positive integral number, a single 
air supplying source, a plurality of valves provided 
in a one-by-one corresponding relationship to the 
nozzle elements and individually controllable to jet 
air from the air supplying source therethrough, 

75 judging means for detecting outputs of the solid 
state image pickup elements and judging for each 
of the sets of the solid state image pickup ele- 
ments whether the object on the scanning line is a 
transparent body or an opaque foreign article, and 

20 valve controlling means for controlling the valves 
so that, when the object is judged as an opaque 
foreign article at a particular one of the sets of the 
solid state image pickup elements by the judging 
means, air may be jetted from one oi the nozzie 

25 elements corresponding to the particular one set 
and adjacent ones of the nozzle elements on the 
opposite sides of the one nozzle element to blow 
off the object. 

With the opaque foreign article sorting appara- 

30 tus, when objects including transparent bodies in 
which opaque foreign articles may mix pass the 
scanning line, they are optically detected by one of 
the solid state image pickup elements of the optical 
sensing means. Then, whether an object passing 

35 the scanning line is a transparent body or an opaq- 
ue foreign article and which region of the scanning 
line the object passes are judged by the judging 
means. Then, in case the object is an opaque 
foreign article, air is jetted not only from a nozzle 

40 element corresponding to the region the object 
passes but also from adjacent nozzle elements on 
the opposite sides of the nozzle element to blow 
off the opaque foreign article. Consequently, even 
if such opaque foreign article makes some irregular 

45 motion or changes its moving direction during 
movement thereof, it can still be sorted precisely. 

Preferably, each of the nozzle elements has a 
nozzle elongated in the direction of the row of the 
nozzle elements. Thus, the directivity in jetting of 

so air toward an opaque foreign article is improved. 

Preferably, the moving means includes a belt 
conveyor having a plurality of convex and concave 
portions formed on a surface thereof on which the 
objects are transported. Thus, objects being moved 

55 by the belt conveyor can be separated well from 
the belt conveyor, and consequently, they pass the 
scanning line only within a limited lateral range, 
which improves the accuracy in detection by the 
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optical sensing means. 

The above and other objects, features and ad- 
vantages of the present invention will become ap- 
parent from the following description, 
taken in conjunction with the accompanying draw- 
ings in which like parts or elements are denoted by 
like reference characters, and wherein: 

FIG. 1 is a schematic diagrammatic representa- 
tion of an opaque foreign article sorting appara- 
tus showing a preferred embodiment of the 
present invention; 

FIG. 2 is a schematic plan view of a belt con- 
veyor and an air jetting apparatus of the opaque 
foreign article sorting apparatus of FIG. 1; 
FIG. 3 is a schematic side elevational view of 
the belt conveyor and the air jetting apparatus of 
FIG. 2; 

FIG. 4 is an enlarged sectional view of the belt 
conveyor shown in FIG. 2; 
FIG. 5 is an illustrative side elevational view 
showing loci of objects dropping from a belt 
conveyor having an uneven conveying surface; 
FIG. 6 is a similar view but showing loci of 
objects dropping from another belt conveyer 
which does not have an uneven conveying sur- 
face; 

FIG. 7 is a plan view of a belt conveyor having 
transversely extending ribs formed on a convey- 
ing surface thereof; 

FIG. 8 is a plan view of another belt conveyor 
having a large number of cylindrical projections 
formed in a zigzag pattern on a conveying sur- 
face thereof; 

FIG. 9 is a plan view of a further belt conveyor 
having a large number of obliquely extending 
intermittent ribs formed on a conveying surface 
thereof; 

FIG. 10 is a perspective view of the air jetting 
apparatus of FIG. 2; 

FIG. 11 is a perspective view, partly broken, of a 
nozzle block of the air jetting apparatus of FIG. 
10; 

FIG. 12 is a horizontal sectional view of the 
nozzle block of FIG. 11; 

FIG. 13 is a vertical sectional view of the nozzle 
block of FIG. 11; 

FIG. 14 is a front elevational view of the nozzle 
block of FIG. 11; 

FIG. 15 is a block diagram showing general 
electric construction of the opaque foreign arti- 
cle sorting apparatus of FIG. 1; 
FIG. 16 is a diagrammatic view illustrating op- 
eration of the opaque foreign article sorting ap- 
paratus of FIG. 15; 

FIG. 17 is a time chart illustrating processing of 
an output of an image sensor of the opaque 
foreign article sorting apparatus of FIG. 15; and 



FIG. 18 is a flow chart illustrating the operation 
of a computer of the opaque foreign article 
sorting apparatus of FIG. 15. 
Referring now to FIG. 1, there is shown a 
5 general arrangement of an opaque foreign article 
sorting apparatus to which the present invention Is 
applied. The opaque foreign article sorting appara- 
tus includes a hopper 1, a dispersing feeder 2, a 
vibrator 3, a belt conveyor 4, a laser beam scan- 
10 ning apparatus 5, a CCD camera 6, an air jetting 
apparatus 7, a recovering vessel 8 and a computer 
9. 

A large number of objects 10 including trans- 
parent bodies of cullets or the like in which opaque 

75 foreign articles such as pebbles or ceramic pieces 
may mix are thrown into the hopper 1 and then 
supplied onto the dispersing feeder 2. The objects 
10 are transported while being dispersed on the 
diffusing feeder 2 which is being vibrated by the 

20 vibrator 3, and are then transferred to the belt 
conveyor 4. Then, the objects 10 are transported 
on the belt conveyor 4 until they dispersively drop 
from the belt conveyor 4 at a last end of the travel 
thereof by the belt conveyor 4. While ihey are 

25 dropping, they are scanned horizontally along a 
straight scanning line by the laser beam scanning 
apparatus 5, and reflected light from them is de- 
tected by a CCD image sensor 12 of the CCD 
camera 6 by way of a polarizing filter 11. Outputs 

30 of the image sensor 12 are analyzed by the com- 
puter 9 to judge whether the individual objects 
scanned are transparent bodies or opaque foreign 
articles, and the air jetting apparatus 7 is controlled 
by the computer 9 in accordance with such judg- 

35 ment. Then, in case an object 10 is judged as a 
transparent body 10a, it is allowed to drop into a 
transparent body recovering section 8a of the re- 
covering vessel 8, but on the contrary in case the 
object 10 is judged as an opaque foreign article 

40 10b, air is jetted from the air jetting apparatus 7 to 
blow off the opaque foreign article 10b so that it 
may drop into a foreign article recovering section 
8b of the revering vessel 8. 

The belt conveyor 4 has a large number of 

45 convex portions and concave portions in the form 
of ribs 13 and grooves 14, respectively, formed 
alternately in a transverse or widthwise direction on 
a transporting surface thereof such that they extend 
in a longitudinal direction of the belt conveyor 4 

50 which coincides with a transporting direction of the 
belt conveyor 4 as shown in FIGS. 2 and 4. The 
reason why the belt conveyor 4 has such uneven 
transporting surface is that it is intended to assure 
effective separation of objects 10 from the belt 

55 conveyor 4 and also to assure regular separation of 
such objects 10 so that loci of the objects 10 
dropping from the belt conveyor 4 may not sepa- 
rate to a great extent in forward and backward 
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directions. If such loci otherwise separate to a great 
extent in the forward and backward directions, then 
detection of the objects 10 by means of the laser 
beam scanning apparatus 5 and the CCD camera 6 
and separation of the objects by air from the air 
jetting apparatus 7 cannot be performed precisely. 

Dropping loci from the belt conveyor 4 having 
such an uneven conveying surface as shown in 
FIG. 4 and dropping loci from another belt con- 
veyor having a mere flat conveying surface were 
examined by an experiment. The experiment 
proved that, from the conveyor 4 having such un- 
even conveying surface, objects 10 drop along 
substantially same loci as seen from FIG. 5, but 
from the conveyor having the flat conveying sur- 
face, objects 10 drop very much at random in the 
forward and backward directions as seen from FIG. 
6. 

It is to be noted that the conveying surface of 
the belt conveyor 4 may have some other uneven 
profile than that shown in FIGS. 2 and 4. For 
example, the conveying surface of the belt con- 
veyor 4 may have such a profile as shown in FIG. 
7 wherein It has a large number of ribs 15 and 
grooves 16 formed alternately in a longitudinal di- 
rection thereon such that they extend in a width- 
wise direction of the belt conveyor 4. Or, the con- 
veying surface may have such a profile as shown 
in FIG. 8 wherein it has a large number of cylin- 
drical projections 17 formed in a zigzag pattern 
thereon. Or else, it may have such a profile as 
shown in FIG. 9 wherein it has a large number of 
oblique intermittent ribs or projections 18 formed 
thereon. 

Referring now to FIGS. 2 and 10, the air jetting 
apparatus 7 includes a base 22, a plurality of, for 
example, 20, nozzle blocks 19 juxtaposed in a 
horizontal row on the base 22, a same number of 
solenoid valves 20 juxtaposed similarly in a hori- 
zontal row on the base 22 in a one-by-one relation- 
ship to the nozzle blocks 19, and a single receiver 
tank 21 disposed on the base 22 commonly to the 
solenoid valves 23. The air jetting apparatus 7 is 
installed in an inclined relationship on a platform 23 
as shown in FIG. 3 so that it may jet air from an 
oblique upper position toward an opaque foreign 
article 10b dropping from the belt conveyor 4. 

Referring now to FIGS. 11 to 14, the structure 
of the nozzle blocks 19 is shown. Each of the 
nozzle blocks 19 is composed of a pair of upper 
and lower rectangular plates 24 and 25 of a same 
size placed one on the other. The upper plate 24 
has a shallow recess 26 formed at a front portion of 
a lower face thereof such that it extends to a front 
end face of the plate 24, but the lower plate 25 
does not have such a recess thereon. The upper 
plate 24 is thus placed on the lower plate 25 to 
close the bottom of the recess 26 thereof with the 



lower plate 25 to define, at the front end face of the 
nozzle block 19, a nozzle 27 which is elongated in 
a direction in which the nozzle blocks 29 are ar- 
ranged in a horizontal row. The upper and lower 

5 plates 24 and 25 have semicircular threaded 
grooves 28 and 29 formed at rear portions of lower 
and upper faces thereof, respectively, such that 
they extend to rear end faces of the upper and 
lower plates 24 and 25. Thus, when the upper and 

70 lower plates 24 and 25 are assembled to each 
other, the upper and lower semicircular threaded 
grooves 28 and 29 thereof cooperate with each 
other to complete a connecting threaded hole 30 
for the connection to a corresponding one of the 

75 solenoid valves 20. The threaded hole 30 commu- 
nicates with the nozzle 27 by way of the recess 26 
of the upper plate 24. 

Referring to FIGS. 2, 3 and 10, the receiver 
tank 21 is connected to a compressor (not shown), 

20 and compressed air stored once in the receiver 
tank 21 is supplied simultaneously into the twenty 
solenoid valves 20 by way of pipes not shown. 
Accordingly, if one of the solenoid valves 20 is 
opened, then air is jetted from the elongated nozzle 

25 27 of a corresponding one of the nozzle blocks 19. 

Referring now to FIG. 15, the general electrical 
construction of the opaque foreign article sorting 
apparatus is shown. The laser beam scanning ap- 
paratus 5 includes a laser beam source 28, a rotary 

30 deflector 29 and a synchronization detector 30. A 
laser beam emitted from the laser beam source 28 
is reflected by a rotating polygonal mirror of the 
rotary deflector 29 to make a scanning laser beam 
for the scanning along a predetermined horizontal 

35 straight line. Such scanning laser beam is repet- 
itively projected from the layer beam scanning ap- 
paratus 5 as the polygon mirror of the rotary de- 
flector 29 rotates. The scanning laser beam is 
detected by the synchronization detector 30, and a 

40 synchronizing signal is outputted for each scanning 
stroke or operation from the synchronization detec- 
tor 30. 

The image sensor 12 of the CCD camera 6 
may be a so-called one-dimensional image sensor 

45 wherein a total of, for example, 1,024 CCDs are 
arranged in a horizontal row. Outputs of the CCDs 
of the image sensor 12 are fetched for each scan- 
ning operation by a camera controller 31 in re- 
sponse to a synchronizing signal from the synchro- 

50 nization detector 30 of the laser beam scanning 
apparatus 5. The thus fetched outputs of the CCDs 
by the camera controller 31 are individually con- 
verted into binary electronic signals with reference 
to a fixed threshold level by a binary digitizing 

55 circuit 32 and then fetched into the computer 9, in 
which they are stored into a memory (not shown)- 
.Each of the output voltages of the CCDs depends 
upon whether an object 10 scanned by a scanning 
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laser beam is a transparent body or an opaque 
foreign article. In particular, reflected light from an 
opaque foreign article 10b is principally circularly 
polarized light and passes through the polarizing 
filter 11 while reflected light from a transparent 
body 10a is low in intensity and linearly polarized 
light and accordingly is intercepted by the polariz- 
ing filter 11. Consequently, an output voltage of 
each CCD presents a much higher level when the 
object is an opaque foreign article 10b than that 
when the object is a transparent body 10a. 

Such difference in voltage level can be made 
more definite if a same object 10 is scanned by a 
plurality of times by the laser beam scanning ap- 
paratus 5 and outputs of the image sensor 12 in 
such scanning operations are ANDed. Thus, in the 
present embodiment, each time the laser beam 
scanning apparatus 5 performs two scanning oper- 
ations, outputs of the image sensor 12 in the two 
scanning operations are ANDed after binary 
digitization thereof. 

While the image sensor 12 includes up to 
1,024 CCDs in the opaque foreign article sorting 
apparatus of the present embodiment, the number 
of the nozzle blocks 19 of the air jetting apparatus 
7 is much smaller than the number of the CCDs. 
Thus, in the present embodiment, for example, up 
to 51 CCDs are allotted to each of the nozzle 
blocks 19 such that the total of 1,024 CCDs are 
divided into 20 blocks so that judgment between a 
transparent body and an opaque foreign article 
may be performed for each block including 51 
CCDs therein. It is to be noted that, in this in- 
stance, since 51 x 20 = 1,020, four among the 
total of 1,024 CCDs are in excess, and outputs of 
two CCDs on each of the opposite ends of the 
horizontal row of 1,024 CCDs are ignored while 
outputs of the remaining 1 ,020 CCDs are regarded 
as effective. 

Further, when an opaque foreign article is 
judged by a particular CCD block, the solenoid 
valves 20 are controlled by a valve controller 33 so 
that air may be jetted not only from one of the 
nozzle blocks 19 corresponding to the particular 
CCD block but also from two adjacent ones of the 
nozzle blocks 19 on the opposite sides of the 
particular nozzle block 19. 

FIG. 16 illustrates the relationship between the 
scanning of a transparent body 10a and an opaque 
foreign article 10b by a laser beam from the laser 
beam scanning apparatus 5, an analog signal ob- 
tained by continuously plotting outputs of the CCDs 
of the image sensor 12 in a first scanning opera- 
tion, another analog signal obtained similarly by 
continuously plotting outputs of the CCDs of the 
image sensor 12 in a second scanning operation, 
an AND signal for the same scanning line obtained 
by ANDing the two analog signals after binary 



digitization, the 20 CCD blocks, a result of judg- 
ment between transparent and opaque, operative or 
inoperative conditions of the twenty solenoid valves 
20, and jetting of air from the twenty nozzle blocks 
5 19. Meanwhile, FIG. 17 shows two analog signals 
from the CCDs of the image sensor 12 obtained in 
first and second scanning operations, two binary 
signals individually obtained by binary digitization 
of the two analog signals by the binary digitizing 

10 circuit 32, and an AND signal obtained by ANDing 
the two binary signals. 

FIG. 18 illustrates operations executed by the 
computer 9 to judge whether an object scanned is 
a transparent body or an opaque foreign article and 

75 sort an object judged as an opaque foreign article. 
Referring to FIG. 18, the computer 9 first initializes 
itself at step 51. In such initialization, a unit number 
N of CCDs to be allotted to each of the nozzle 
blocks 19 (N = 51 in the embodiment described 

20 above) and a reference width T with which a width 
of a signal obtained by ANDing is compared to 
judge whether the object scanned is a transparent 
body or an opaque foreign article are set. 

Then at step 52, binary values from the binary 

25 digitizing circuit 32 in a first scanning operation are 
fetched and stored into the memory, and then 
binary values in a second scanning operation are 
similarly fetched and stored into the memory at 
step 53. Then, the binary values for the first and 

30 second scanning operations are ANDed to obtain 
an AND signal or signals at step 54 (AND signal 
will hereinafter denote a positive pulse portion of 
the waveform referred to as AND signal in FIG. 16 
or 17 unless specified otherwise). Subsequently, 

35 addresses of rising and falling edges of the AND 
signal are detected for the same predetermined 
scanning line at step 55. In particular, it is detected 
for each of the AND signals to which ones of the 
CCDs arranged in the horizontal row a rising edge 

40 and a failing edge of each of the AND signals 
correspond individually. Then, positions of such 
CCDs in the arrangement are stored into the mem- 
ory for each of the AND signals. Further, one of the 
positions or addresses stored in the memory which 

45 has the smallest value among them is detected and 
addresses of the rising and falling edges of the 
AND signal of the thus detected position are read 
out from the memory. 

At next step 56, it is determined by the follow- 

50 ing calculation for each of the rising and falling 
edges of the AND signal to which one of the CCD 
blocks and hence to which one of the nozzle 
blocks each of the rising and falling edges of the 
AND signal corresponds. In particular, if it is as- 

55 sumed that the address of the rising edge of such 
AND signal is represented by D1 as shown in FIG. 
17, then the order X (integral number) of a nozzle 
block 19 corresponding to the rising edge of the 
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AND signal is represented, using X and N which is 
the unit number mentioned hereinabove, as X = 
D1/N + 1. If the case of FIG. 16 is taken as an 
example, then when the unit number N is "51 " as 
described hereinabove, in case the address of the 
first rising edge D1 is "420", the order X is "9", 
and accordingly, the address of the first rising edge 
corresponds to the ninth nozzle block 19. 

Subsequently at step 57, a width W between 
the first rising edge and corresponding falling edge 
of the AND signal is determined in accordance with 
a number of CCDs included between the address- 
es of the rising and falling edges. In particular, if 
the rising edge address of the first AND signal is 
represented by D1 as described hereinabove and 
the falling edge address is represented by L1 as 
shown in FIG. 16, then the width W of the AND 
signal is given by W = L1 - D1 . 

Then at step 58, it is determined whether or 
not the width W of the AND signal is greater than 
the reference width T mentioned hereinabove. 
Then, if the width W is greater than the reference 
width T, then the control sequence advances to 
step 59, at which it is determined that the object 
scanned is an opaque foreign article. On the con- 
trary, if the width W is judged not greater than the 
reference width T at step 58, the control sequence 
advances to step 60, at which it is judged that the 
object scanned is a transparent body. For example, 
referring to FIG. 17, if the width W is greater than 
the reference width T like the first AND signal of 
which the width W = L1 - D1 is greater than T, 
that is, L1 - D1 > T, the object scanned is judged 
as an opaque foreign article, but otherwise if the 
width W is not greater than the reference width T 
like the second AND signal of which the width W 
= L2 - D2 is not greater than T, that is, L2 - D2 £ 
T, the object scanned is judged to be a transparent 
body. Then, in case it is determined at step 59 that 
the object scanned is an opaque foreign article, the 
control sequence advances to step 61, at which 
three solenoid valves 20 are selectively rendered 
operative at a time under the control of the valve 
controller 33. In particular, the three solenoid valves 
30 corresponding to the X-th nozzle block 19 and 
two adjacent X-1-th and X+1-th nozzles 19 on the 
opposite sides of the X-th nozzle block 19 are 
opened so that air may be jetted simultaneously 
from the three nozzle blocks 19 toward the opaque 
foreign article 10b to blow off the opaque foreign 
article 10b so that it may drop into the foreign 
article recovering section 8b of the recovering ves- 
sel 8 shown in FIG. 3. Since, in the case of FIG. 
16, the opaque foreign article is judged at the ninth 
CCD block, air is jetted from the ninth nozzle block 
19 and adjacent eighth and tenth nozzle blocks 19. 

At step 62 to which the control sequence ad- 
vances from step 60 or 61, it is judged whether or 



not there remains another AND signal or signals for 
the same scanning line, and if there remains, the 
control sequence advances to step 63, at which the 
rising edge address and the falling edge address of 

5. the remaining AND signal or a first one of the 
remaining AND signals are read out from the mem- 
ory. After then, the control sequence returns to 
step 56 to subsequently repeat such operations at 
steps 56 to 62 as described above. 

io On the other hand, if there remains no other 
AND signal for the same scanning line at step 62, 
then it is judged at step 64 whether there is an 
instruction to stop scanning of a laser beam. If 
there is no such stopping instruction, then the 

75 control sequence returns to step 52 to thereafter 
repeat similar operations for next scanning, but if 
there is such stopping operation, the execution of 
the program comes to an end. 

It is to be noted that, if AN Ding of outputs of 

20 the image sensor 12 after binary digitization is 
performed for such outputs in three or more scan- 
ning operations, then the accuracy in judgment 
between a transparent body and an opaque foreign 
article can be further improved. Further, the image 

25 sensor 12 need not be a so-called one-dimensionai 
image sensor wherein solid state image pickup 
elements such as CCDs are arranged in a horizon- 
tal row, but may otherwise be a two-dimensional 
image sensor wherein solid state image pickup 

30 elements are arranged in a matrix. 

Further, while air is jetted, in the embodiment 
described above, at a time from three nozzle 
blocks including an X-th nozzle block correspond- 
ing to a CCD block at which an opaque foreign 

35 article is detected and two adjacent X-1-th and 
X + 1-th nozzle blocks on the opposite sides of the 
X-th nozzle block, the number of nozzle blocks 
from which air is jetted can be selected arbitrarily 
such that, with the width of nozzles of each nozzle 

40 block reduced, air is jetted simultaneously also 
from, for example, X-2-th and X + 2-th nozzle 
blocks, or the number of nozzle blocks from which 
air is jetted is changed in accordance with the 
width of an AND signal. 

45 

Claims 

1. An apparatus for sorting an opaque foreign 
article from amongst a plurality of transparent 
50 bodies, characterized in that it comprises: 

moving means (4) for moving the objects 
(10) individually past a scanning line; 

means for scanning the object (10) on the 
scanning line with a beam of light; 
55 optical sensing means (12) including a plu- 

rality of solid state image pickup elements for 
detecting the light reflected from the object 
(10) on the scanning line; 
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a plurality of nozzle elements (19) ar- 
ranged in a row parallel to the scanning line 
such that each of said nozzle elements (19) 
corresponds to a set of N solid state image 
pickup elements of said optical sensing means 5 
(12), N being a positive integral number; 

a single air supplying source (21); 

a plurality of valves (20) provided in a one- 
by-one corresponding relationship to said noz- 
zle elements (19) and individually controllable 10 
to jet air from said air supplying source (21) 
therethrough; 

judging means (9) for detecting outputs of 
said solid state image pickup elements and 
judging for each of the sets of said solid state is 
image pickup elements whether the object (10) 
on the scanning line is a transparent body 
(10a) or an opaque foreign article (10b); and 

valve controlling means (33) for controlling 
said valves (20) so that, when the object (10) is 20 
judged as an opaque foreign article (10b) at a 
particular one of the sets of said solid state 
image pickup elements by said judging means 
(9), air may be jetted from one of said nozzle 
elements (19) corresponding to the particular 25 
one set and adjacent ones of said nozzle ele- 
ments (19) on the opposite sides of the one 
nozzle element (19) to blow off the object (10). 

2. An apparatus as set forth in claim 1, character- 30 
ized in that each of said nozzle elements (19) 

has a nozzle (27) elongated in the direction of 
the row of said nozzle elements (19). 

3. An apparatus as set forth in claim 1 , character- 35 
ized in that said moving means (4) includes a 

belt conveyor (4) having a plurality of convex 
and concave portions (13, 14; 15; 17; 18) 
formed on a surface thereof on which the ob- 
jects (10) are transported. 40 

4. A method of sorting one or more opaque for- 
eign article from a plurality of transparent bod- 
ies, wherein the bodies (10) are moved, 
scanned, judged and sorted by means of an 45 
apparatus as claimed in Claim 1, 2 or 3. 
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